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Abstract 

Background: Mortality and complications after percutaneous coronary intervention is higher when performed after 
regular duty hours due to challenging patient characteristics, inferior processes of care and limited resources. Since 
these challenges are also encountered during coronary artery bypass graft (CABG) surgery that is performed after 
regular work hours, we assessed whether hour and day of procedure influenced mortality after CABG. 

Methods: We studied 4,714 consecutive patients who underwent CABG at the Minneapolis Veterans 
Administration (VA) Medical Center between 1987 and 2009. We compared postoperative (30-day) mortality rates 
in relation to hour and day in which the operation was performed. 

Results: Operations performed on weekends and after 4 PM had higher risk patients (p < 0.0001) and were more 
likely to be emergent (p < 0.0001), require intra-aortic balloon pump support (p < 0.0001) and result in 
postoperative complications (p < 0.0001) compared to those at regular work hours. Mortality was significantly 
higher when CABG was performed on weekends compared to weekdays (9.4% versus 2.5%; odds ratio (OR) 4.1, 
95% confidence interval (CI) 1.6 to 10.4, p = 0.003), and after 4 PM compared to between 7 AM-4 PM (6.2% versus 
2.2%; OR 2.9, 95% CI 1 to 8, p = 0.049). In multivariable analysis, when adjusted for the urgency of the operation 
and the VA estimated mortality risk score, these associations were no longer statistically significant. 

Conclusions: Mortality after CABG is higher when surgery is performed on the weekends and after 4 PM. These 
variations in mortality were related to higher patient risk, and urgency of the operation rather than external factors. 
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Background 

Coronary artery bypass graft (CABG) surgery and percu- 
taneous coronary interventions (PCI) are performed at 
off-hours when the circumstances dictate to do so. It has 
been known that primary PCI, for acute myocardial 
infarction, have higher mortality and worse outcomes 
when performed in the evening hours or at night in com- 
parison to day time [1-6]. This is thought to be secondary 
to challenging patient factors, such as hemodynamic 
instability, myocardial loss and more difficult lesion char- 
acteristics and inferior processes of care, such as longer 
door-to-balloon times, less supervision, operator fatigue 
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and limited resources [1,2]. Thus, the results of PCI are 
less optimal in patients who present after regular work 
hours [1,2]. 

Published literature on the outcomes of surgery in rela- 
tion to timing of procedure is incomplete. Previously, 
patients who underwent elective general surgery and per- 
ipheral vascular surgery in the evening were found to 
have a higher incidence of postoperative morbidity but 
not mortality [7] . Little is known about whether mortality 
after cardiac surgery varies with the time of the day, day 
of the week or the month of the year in which procedure 
was performed [8,9]. Further, potential factors that might 
influence such a variation in mortality are also unknown. 
Thus, the purpose of the present investigation was to 
examine the variation of mortality in relation to hour, 
day and month of procedure in a large cohort of patients 
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who underwent CABG surgery at an academic center. 
We also aimed to examine the underlying patient and 
procedural factors that could contribute to such a varia- 
tion. We hypothesized that the mortality after CABG is 
higher when it is performed after general work hours, 
akin to that observed in PCI, and in summer months 
when new trainees arrive. 

Methods 

This study was approved by the Institutional Review 
Board and the Research and Development Committees of 
the Minneapolis Veterans Administration (VA) Medical 
Center. The individual consent was waived. 

Minneapolis VA Medical Center is a tertiary referral 
center for VA facilities in the upper Midwest Integrated 
Service Network. Since 1987, almost 7000 cardiac sur- 
geries (CABG and valve) were performed at our facility. 
More than 90% of the cardiac surgeries were performed 
by a stable cadre of 5 attending surgeons. Fellows in the 
University of Minnesota cardiothoracic surgery training 
program also perform operations at our facility under 
close supervision of the attending surgeon. 

Patient Selection and Data Collection 

Of the 7000 cardiac surgical procedures performed at the 
Minneapolis VA Medical Center from June 1987 to 
March 2009, patients who underwent valve surgery alone 
or CABG-valve surgery were excluded. A total of 4714 
consecutive patients who underwent CABG surgery 
alone were included in the present study. Baseline demo- 
graphic and clinical data as well as operative details and 
outcomes were obtained from the cardiovascular surgery 
database at our medical center, which is an ongoing data- 
base of prospectively-collected data as part of a national 
database of all patients undergoing cardiac surgery at VA 
medical centers [10]. The database includes a validated 
mortality risk estimate (i.e. predicted probability of 
operative mortality) for each patient, based on his/her 
preoperative risk factors. The VA mortality risk estimate 
is obtained by stepwise logistic regression analysis of the 
variables entered into the national VA Continuous 
Improvement in Cardiac Surgery Program database. 
However, the date and time of the surgery is not included 
in the model. The VA mortality risk estimate has been 
previously validated as a predictor of postoperative mor- 
tality after cardiac surgery and shown to be superior to 
the Euroscore among VA patients [10-13]. 

The date of the cardiac surgery was recorded in all 
4714 patients. In 2689 consecutive patients operated after 
October 1997 the starting time of the operation was also 
recorded. The priority of the surgery, as ascertained by 
the attending surgeon, was coded as elective, urgent or 
emergent. 



Outcome 

The primary outcome of the study was operative mortality, 
defined as death within 30 days of the operation due to 
any cause or death after 30 days that is directly related to 
a complication of the cardiac surgery (e.g. mediastinitis). 

Statistical Analysis 

Continuous variables are presented as mean ± standard 
deviation and categorical variables as percentages. Opera- 
tive mortality rates and other categorical variables were 
compared using chi-square test. Continuous variables 
were compared with £-test. Logistic regression was used 
to obtain the odds ratios and 95% confidence intervals. 
Multivariable logistic regression included the time unit 
(day vs. night or weekday vs. weekend), mortality risk 
estimate and priority of the operation (elective vs. urgent 
or emergent). The method of adjusting for patients' risk 
by including the mortality risk estimate in the multivari- 
able model has been validated before [14-16]. Indicator 
variables were used when examining the mortality rate in 
relation to the priority surgery and to the months of the 
year. Receiver Operating Characteristic curve was gener- 
ated to assess the discriminative power of the mortality 
risk estimate. The area under the curve was displayed as 
the c-index. P value < 0.05 was taken as statistically sig- 
nificant. All analyses were performed SPSS version 19 
statistical software. 

Results 

Patient Characteristics 

Patients were 65 ± 9 years-old (range 34 to 87) and 99% 
were male (Table 1). Of the 4,714 CABG procedures, 3736 
(79%) were elective, 662 (14%) were urgent and 308 (7%) 
were emergent. A total of 53 patients were operated on 
the weekend and 65 operated after 4 PM. Patients oper- 
ated on weekends and after 4 PM were older, more likely 
to have prior myocardial infarction, more likely to undergo 
urgent/emergent surgery and require hemodynamic sup- 
port with an intra-aortic balloon pump prior to surgery 
(Table 1). Consequently, these patients had higher opera- 
tive risk based on higher American Society of Anesthesiol- 
ogists score and VA mortality risk estimate in comparison 
to patients operated during weekdays and general work 
hours (Table 1). 

Predictors of Mortality 

The expected mortality rate was 3.6 ± 4.5% (interquartile 
range 1.3% to 4.1%). The observed operative mortality rate 
was 2.6% (n = 121). Thus, the observed/expected mortality 
ratio was 0.72. Mortality estimate was a strong predictor 
of observed mortality (p < 0.0001) with a c-index 0.79 
(95% confidence interval 0.74 to 0.83; p < 0.0001). The 
priority of CABG was also a predictor of mortality. 
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Table 1 Baseline clinical characteristics of the 4714 study patients in relation to timing of coronary artery bypass 
surgery 





All patients 
n = 4714 


Weekday 
n = 4661 


Weekend 
n = 53 


p value 
weekday vs. weekend 


7 am-4 pm 
n = 2624 


After 4 pm 
n = 65 


p value 
7 am-4 pm vs. after 4 pm 


AALjc \y<ca\b) 


65 + 9 


65 + 1 0 


68 + 1 1 


0 015 


65 + 9 


65 + 1 0 


0 96 


Male 


QQ0/ n 
yy /0 


yy /0 


yO /0 


n n^ 


yy /0 


1 nnoA 

I uu /o 


1 n 

I .u 


Current smoker 


22% 


22% 


30% 


0.17 


23% 


30% 


0.21 


Diabetes mellitus 


33% 


33% 


37% 


0.53 


37% 


39% 


0.82 


Prior Ml 


53% 


53% 


73% 


0.005 


50% 


59% 


0.18 


Prior heart surgery 


8% 


8% 


11% 


0.44 


6% 


3% 


0.59 


Intra-aortic balloon pump 


3% 


3% 


32% 


< 0.0001 


3% 


29% 


< 0.0001 


ASA score 


3.2 ± 0.4 


3.2 ± 0.4 


3.6 ± 0.6 


< 0.0001 


3.2 ± 0.4 


3.4 ± 0.5 


0.009 


Mortality estimate 


3.6 ± 4 


3.5 ± 4 


11.4 ± 13 


< 0.0001 


3.3 ± 4 


5.9 ± 6 


0.001 


Hemoglobin 


13.7 ± 1.7 


13.7 ± 1.7 


1 1 .9 ± 2.3 


< 0.0001 


13.7 ± 1.7 


13.7 ± 1.8 


0.93 


Creatinine 


1 .3 ± 0.7 


1 .3 ± 0.7 


1 .3 ± 0.7 


0.87 


1.3 ± 0.7 


1 .3 ± 0.6 


0.79 


Albumin 


4.1 ± 0.5 


4.1 ± 0.5 


3.7 ± 0.7 


0.06 


4.1 ± 0.5 


3.9 ± 0.5 


0.10 



Abbreviations: ASA = American Society of Anesthesiologists; Ml = myocardial infarction 



In comparison to elective surgery, mortality rate was 1.6 
times higher (95% confidence interval 0.99 to 2.65; p = 
0.054) when CABG was urgent and 4.5 times higher (95% 
confidence interval 2.87 to 7.25; p < 0.0001) when 
emergent. 

Timing of CABG and Outcomes 

Operations performed on the weekends and after 4 PM 
had similar cardiopulmonary bypass and ischemic times 
and similar number of grafts but significantly higher 
complication rates in comparison to those performed 
during general work hours (Table 2). Indeed, patients 
operated after regular work hours had a greater inci- 
dence of stroke, death and reoperation for bleeding and 
spent longer time on the ventilator postoperatively 
(Table 2). 

The distribution of mortality rate in relation to the day 
of the week that the surgery was performed is demon- 
strated in Figure 1. Surgical operations performed on the 
weekend were associated with a 4-fold higher mortality 
than those performed during weekdays (9.4% versus 
2.5%; odds ratio 4.1, 95% confidence interval 1.6 to 10.4, 



p = 0.003). In multivariable regression analysis, after 
adjusting for the priority of surgery and the mortality risk 
estimate, weekend surgery was no longer associated with 
increased mortality (odds ratio 1.18, 95% confidence 
interval 0.36 to 3.91; p = 0.78) 

The distribution of mortality rate in relation to the 
start time of the operation is demonstrated in Figure 2. 
Surgical procedures that started after 4 PM were asso- 
ciated with a 3-fold higher mortality than those started 
between 7 AM and 4 PM (6.2% versus 2.2%; odds ratio 
2.9, 95% confidence interval 1 to 8, p = 0.049). In multi- 
variable regression analysis, after adjusting for the prior- 
ity of surgery and the mortality risk estimate, evening 
start time was no longer associated with increased mor- 
tality (odds ratio 2.2, 95% confidence interval 0.7 to7.1; 
p = 0.18). 

The distribution of mortality rate in relation to the 
months of the year is demonstrated in Figure 3. The 
mortality rate was highest in August (4.9%). However, 
the monthly variation in mortality did not reach statisti- 
cal significance (p = 0.08). There was no difference in 
mortality with the seasons of the year (data not shown). 



Table 2 Details and complications of 4714 coronary artery bypass procedures in relation to timing of surgery 





All patients 


Weekday 


Weekend 


p value 


7 am-4 pm 


After 4 pm 


p value 




n = 4714 


n = 4661 


n = 53 


weekday vs. weekend 


n = 2624 


n = 65 


7 am-4 pm vs. after 4 pm 


Urgent/emergent surgery 


21% 


20% 


91% 


< 0.0001 


15% 


68% 


< 0.0001 


Number grafts 


3 ± 1 


3 ± 1 


3 ± 1 


0.15 


3.1 ± 0.9 


2.9 ± 1 


0.18 


bypass time (min) 


123 ± 45 


123 ± 45 


111 ±34 


0.16 


123 ± 45 


112 ± 47 


0.055 


ischemic time (min) 


80 ± 30 


80 ± 30 


73 ± 24 


0.25 


80 ± 30 


74 ± 33 


0.14 


Operative mortality 


2.6% 


2.5% 


9.4% 


0.01 


2.2% 


6.2% 


0.04 


Stroke 


1 .6% 


1.6% 


1 .9% 


0.59 


1 .6% 


6% 


0.02 


Reoperation for bleeding 


3% 


3% 


4% 


0.66 


2% 


11% 


< 0.0001 


Ventilated > 48 hours 


7% 


7% 


19% 


0.001 


7% 


20% 


< 0.0001 


Any complication 


12% 


12% 


28% 


< 0.0001 


13% 


28% 


< 0.0001 
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Figure 1 Distribution of mortality in relation to the day of 
CABG surgery. 

V J 



Results did not change when off-pump surgeries were 
excluded from the analysis. 

Additional Analyses 

Over the study period there were 308 emergency opera- 
tions. Of these, 30 (10%) were operated during the 
weekend and 35 (11%) after 4 PM. The mortality rates 
of emergency surgical procedures performed during the 
weekday vs. weekend and between 7 AM-4 PM vs. after 
4 PM were not significantly different (Table 3). 

Discussion 

This investigation showed that cardiac surgical procedures 
that were performed after 4 PM and those that were per- 
formed on the weekends had 3 to 4 times higher mortality 
rate and increased complications when compared to 
CABG performed during the day and on weekdays, 
respectively. Patients who presented after regular work 
hours had higher surgical risk, were more likely to require 
urgent/emergent operation and need intra-aortic balloon 
pump prior to surgery to support their hemodynamic sta- 
tus. The incidence of reoperation for bleeding, postopera- 
tive stroke and prolonged ventilation was higher in these 
patients. When adjusted for the urgency of the operation 
and patient characteristics, timing-related variations in 
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CABG surgery. 



Percent mortality 




1 




1 


.i 


1 




1 


1 


H 


i 


l 


// ^ ' * ' ^ /// / / 

Figure 3 Distribution of mortality in relation to the month of 
CABG surgery. The monthly variation in mortality did not reach 
statistical significance (p = 0.08). 



mortality disappeared. Previously, Dhadwal et al. [8] exam- 
ined circadian variation of mortality in approximately 3000 
patients undergoing CABG and found no relation between 
surgery start time and 30-day mortality in elective and 
urgent cases. However among patients who had emer- 
gency surgery, mortality rates were substantially higher in 
the morning and at night (-25% for both) compared to 
those operated in the afternoon (-3%). There was no bio- 
logical or procedure-related explanation for this observa- 
tion, however, and the authors cautioned that it might be 
a statistical aberration. Further, Tan et al. [9] studied 
patients who underwent elective CABG. There were no 
weekend cases and rare cases operated after 5 PM. They 
also found that operation start time, day, month and 
moon phase were not associated with outcome. Our study 
advances existing research in several respects. Neither of 
these previous studies was able to control for the patient 
risk factors as was done in the present study by adjusting 
for the VA mortality risk estimate. Further, procedural fac- 
tors that likely influenced the outcome were not separated, 
as was done in the present study. Finally, there were no 
cases performed on the weekend [9]. Cumulative evidence 
from the present and previous studies suggests that 
patient's risk, urgency of the operation and suboptimal 
results dictate the outcome after cardiac surgery rather 
than circadian variation in the biological systems. 

Time-related variation in mortality after non-cardiac 
surgery also appears to be related to patient factors. Kelz 
et al. examined 144,000 patients who underwent elective 
general surgery and peripheral vascular surgery [7]. In 
unadjusted analysis mortality was elevated in patients 
operated after 4 PM. However, after adjustment for 
patient risk factors start time of the surgery was not 
found to be associated with mortality any longer. 

Outcomes after PCI for acute myocardial infarction 
are worse when PCI is performed after regular working 
hours [1-6]. Indeed, PCI failure rates and mortality were 
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Table 3 Mortality rates in 308 emergency coronary artery bypass procedures in relation to timing of surgery 



All patients 


Weekday Weekend 


p value 


7 am-4 pm 


After 4 pm 


p value 


n = 308 


n = 278 n = 30 


weekday vs. weekend 


n = 273 


n = 35 


7 am-4 pm vs. after 4 pm 


Operative mortality 8.4% 


8.3% 10% 


0.73 


8.1% 


1 1 .4% 


0.52 



higher in patients who underwent procedures in the 
evening or at night after adjusting for baseline charac- 
teristics except in one relatively-small study of approxi- 
mately 250 patients in which the mortality difference 
disappeared after adjusting for the CADILLAC risk 
score [5]. Magid et al. [1] reviewed approximately 
30,000 patients who had primary PCI for acute myocar- 
dial infarction. They found that procedures performed 
after regular work hours had longer door-to-balloon 
time and higher mortality than those performed during 
regular work hours. Further, Glaser et al. [2] examined 
the potential causes for the increased mortality in 
approximately 700 patients who underwent primary PCI 
for myocardial infarction. Patients who had primary PCI 
after 7 PM were more likely to be smokers and more 
likely to present with cardiogenic shock. They had a 
higher incidence of multivessel coronary heart disease 
and a lower TIMI flow score. Patients who had PCI 
after 7 PM also had lower success rate in PCI and 
higher incidence of complications including coronary 
dissection [2]. Consequently, their rate of hospital mor- 
tality and recurrent myocardial infarction were also 
higher. After adjustment of the known patient factors 
outcomes after 7 PM were still inferior compared to day 
time. 

Circadian variation of myocardial infarction, sudden 
cardiac death has been well-established [17-21]. Also, cir- 
cadian variation has been demonstrated in the efficacy of 
thrombolytic therapy administered in the setting of acute 
ST-elevation myocardial infarction [22,23]. The mechan- 
isms of these variations were thought to include diurnal 
variation in the activity of platelets and plasminogen acti- 
vator-inhibitor- 1 [22]. Indeed, plasminogen activator- 
inhibitor-1, a 47 kD single chain glycoprotein, is the 
main physiological inhibitor of tissue plasminogen activa- 
tor and urokinase. Plasma PAI-1 levels show a circadian 
variation and peak in the early morning hours, coincident 
with the incidence of acute coronary events [24]. How- 
ever, it is likely that patient factors and challenges in pro- 
cesses of care are responsible from the associations we 
have observed rather than circadian variation in biologi- 
cal factors. 

The influence of training residents and fellows in an 
academic setting on surgical outcomes has been well 
documented. Periods of major turnover (beginning and 
end of surgical rotations) and the level of surgical resi- 
dent training may particularly impact outcomes [25]. 
Shuhaiber et al. [26] determined that periods of major 



change in surgical staff are associated with increased 
risk-adjusted mortality after complex cardiac operations 
but not after CABG alone. Bakaeen et al. [27] found 
that while the early part of the academic year was asso- 
ciated with increased operative times, there were no dif- 
ferences in risk adjusted outcomes. Our results are 
consistent with these studies. 

The management of coronary heart disease, acute cor- 
onary syndromes in particular, has changed significantly 
over time. The percutaneous interventional techniques are 
much more widely, and aggressively, employed in emer- 
gency cases than before. Many major medical centers have 
24-hour cardiac catheterization laboratory coverage. The 
on-call teams in these laboratories are expected to meet 
benchmarks such as door-to-balloon time < 90 minutes. 
Thus, emergency CABG is required in fewer patients than 
before. Due to financial and other constraints cardiac sur- 
gery team operating on weekends and after working hours 
face limited resources. However, despite such limitations, 
these data suggest that the surgical outcomes after regular 
working hours are comparable after adjusting for the 
patient factors. 

The strengths of the present study include its large 
sample size and completeness of data. Presence of vari- 
ables such as estimated mortality allowed us to evaluate 
patient and procedure-related risk factors as the cause of 
mortality variation seen in univariable analyses. 

On the other hand some limitations are noteworthy. 
First, great majority of the surgical procedures were per- 
formed on weekdays between 7 AM-4 PM and the study 
reflected a single-center experience. One potential expla- 
nation for the former limitation might be related to 
patient selection during the referral cascade. Indeed, until 
recently, the emergency department at our facility did not 
accept ambulances. Thus, patients with cardiac emergen- 
cies were first stabilized at other hospitals before being 
transferred to our medical center. Second, potential 
external influences such as operator fatigue or limitation 
of resources, which may adversely influence the mortality 
of surgery on the weekends or on after hours were not 
captured in this study. Finally, the study was also limited 
by its inclusion of mainly male subjects. 

Conclusion 

In conclusion, mortality and complications after CABG 
surgery are higher when the surgery is performed on 
weekends and after 4 PM in comparison to weekdays and 
regular working hours, respectively. These timing-related 
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variations in mortality were explained by patient risk fac- 
tors and urgency of the operation. 

Acknowledgements and funding 

Authors acknowledge the contributions of Deborah J. Johnson, RN and Jana 
Bonawitz-Conlon, BSN in administering the study. There was no funding for 
this study. 

Author details 

1 Division of Cardiology, Veterans Administration Medical Center, One 
Veterans Drive, Minneapolis, Minnesota, 55417, USA. 2 Division of 
Cardiovascular Surgery, Veterans Administration Medical Center, One 
Veterans Drive, Minneapolis, Minnesota, 55417, USA. 3 Geriatric Research 
Education Center, Veterans Administration Medical Center, One Veterans 
Drive, Minneapolis, Minnesota, 55417, USA. department of Cardiology, 
Marmara University, Tophanelioglu caddesi, Altunizade, Istanbul, Turkey. 

Authors' contributions 

AC and SA constructed the concept and design of the project, performed 
the analysis, interpreted the data, drafted the manuscript and approved the 
final manuscript to be published. RC, MK, MA and EOM participated in the 
analysis and interpretation of data, revised the manuscript critically for 
important intellectual content and approved the final manuscript to be 
published. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 9 June 201 1 Accepted: 20 October 201 1 
Published: 20 October 201 1 

References 

1. Magid DJ, Wang Y, Herrin J, McNamara RL, Bradley EH, Curtis JP, Pollack CV 
Jr, French WJ, Blaney ME, Krumholz HM: Relationship between time of 
day, day of week, timeliness of reperfusion and in-hospital mortality for 
patients with acute ST-segment elevation myocardial infarction. JAMA 

2005, 294:803-812. 

2. Glaser R, Naidu SS, Selzer F, Jacobs AK, Laskey WK, Srinivas VS, Slater JN, 
Wilensky RL: Factors associated with poorer prognosis for patients 
undergoing primary percutaneous coronary interventions during off- 
hours: Biology or systems failure? JACC Cordiovasc Interv 2008, 1:681-688. 

3. Laskey WK, Selzer F, Holmes DR Jr, Wilensky RL, Cohen HA, Williams DO, 
Kip KE, Detre KM, NHLBI Dynamic Registry Investigators: Temporal variation 
in inhospital mortality with percutaneous coronary intervention: a report 
from the National Heart, Lung and Blood Institute Dynamic Registry. Am 
Heart J 2005, 150:569-76. 

4. De Luca G, Suryapranata H, Ottervanger JP, van't Hof AW, Hoorntje JC, 
Gosselink AT, Dambrink JH, Zijlistra F, de Boer MJ: Circadian variation in 
myocardial perfusion and mortality in patients with ST-segment 
elevation myocardial infarction treated by primary angioplasty. Am Heart 
J 2005, 150:1185-9. 

5. Assali AR, Brosh D, Vaknin-Assa H, Fuchs S, Teplitsky I, Sela O, Kornowski R: 
The impact of circadian variation on outcomes in emergency acute 
anterior myocardial infarction percutaneous coronary intervention. 
Catheter Cardiovasc Interv 2006, 67:221-6. 

6. Henriques J, Haasdijk A, Zijlstra F, Zwolle Myocardial Infarction Study Group: 
Outcome of primary angioplasty for acute myocardial infarction during 
routine duty hours versus during off-hours. J Am Coll Cardiol 2003, 
41:2138-2142. 

7. Kelz RR, Freeman KM, Hosokawa PW, Asch DA, Spitz FR, Moskowitz M, 
Henderson WG, Mitchell ME, Itani KM: Time of day is associated with 
postoperative morbidity: an analysis of the national surgical quality 
improvement program data. Ann Surg 2008, 247:544-52. 

8. Dhadwal A, Vaynblat M, Balasubramanya S, Pagala M, Schulhoff N, 
Burack JH, Cunningham JN Jr: Circadian rhythm has no effect on 
mortality in coronary artery bypass surgery. J Card Surg 2007, 22:26-31. 

9. Tan PJ, Xu M, Sessler Dl, Bashour CA: Operation timing does not affect 
outcome after coronary artery bypass graft surgery. Anesthesiology 2009, 
111:785-789. 



10. Grover FL, Johnson RR, Shroyer AL, Marshall G, Hammermeister KE: The 
Veterans Affairs continuous improvement in cardiac surgery study. Ann 
ThoracSurg 1994, 58:1845-1851. 

11. Adabag AS, Rector T, Mithani S, Harmala J, Ward HB, Kelly RF, Nguyen JT, 
McFalls EO, Bloomfield HE: Prognostic significance of elevated cardiac 
troponin I after heart surgery. Ann Thorac Surg 2007, 83:1744-1750. 

12. Mithani S, Akbar M, Johnson D, Kuskowski M, Apple KK, Bonawitz-Conlin J, 
Ward HB, Kelly RF, McFalls EO, Bloomfield HE, Li JM, Adabag S: Dose 
dependent effect of statins on postoperative atrial fibrillation after 
cardiac surgery among patients treated with beta blockers. J Thorac 
Cardiovasc Surgery 2009, 4:61. 

13. Basraon J, Chandrashekhar YS, John R, Agnihotri A, Kelly R, Ward H, 
Adabag S: Comparison of Risk Scores to Estimate Perioperative Mortality 
in Aortic Valve Replacement Surgery. Ann Thorac Surg 201 1, 92:535-40. 

14. Raza SS, Li JM, John R, Chen LY, Tholakanahalli VN, Mbai M, Adabag AS: 
Long-term mortality and pacing outcomes of patients with permanent 
pacemaker implantation after cardiac surgery. Pacing Clin Electrophysiol 
2011, 34:331-8. 

15. Mithani S, Kuskowski M, Slinin Y, Ishani A, McFalls E, Adabag S: Dose- 
dependent effect of statins on the incidence of acute kidney injury after 
cardiac surgery. Ann Thorac Surg 201 1, 91:520-5. 

16. Adabag AS, Wassif HS, Rice K, Mithani S, Johnson D, Bonawitz-Conlin J, 
Ward HB, McFalls EO, Kuskowski MA, Kelly RF: Preoperative pulmonary 
function and mortality after cardiac surgery. American Heart Journal 2010, 
159:691-697. 

1 7. Muller JE, Stone PH, Turi ZG, Rutherford JD, Czeisler CA, Parker C, Poole WK, 
Passamani E, Roberts R, Robertson T, Sobel BE, Willerson JT, Braunwald E, 
MILIS Study Group: Circadian variation in the frequency of onset of acute 
myocardial infarction. N Engl J Med 1985, 313:1315-22. 

18. Muller JE, Ludmer PL, Willich SN, Tofler GH, Aylmer G, Klangos I, Stone PH: 
Circadian variation in the frequency of sudden cardiac death. Circulation 
1987, 75:131-8. 

19. Adabag AS, Luepker RV, Roger VL, Gersh BJ: Sudden cardiac death: 
Epidemiology and risk factors. Nat Rev Cardiol 2010, 7:216-225. 

20. Adabag AS, Therneau TM, Gersh BJ, Weston SA, Roger VL: Sudden death 
after myocardial infarction. JAMA 2008, 300:2022-2029. 

21. Adabag AS, Peterson G, Apple FS, Titus J, King R, Luepker RV: Etiology of 
sudden death in the community: Results of anatomical, metabolic, and 
genetic evaluation. Am Heart J 2010, 159:15-16. 

22. Kono T, Morita H, Nishina T, Fujita M, Hirota Y, Kawamura K, Fujiwara A: 
Circadian variations of onset of acute myocardial infarction and efficacy 
of thrombotic therapy. J Am Coll Cardiol 1996, 27:774-778. 

23. Kurnik PB: Circadian variation in the efficacy of tissue-type plasminogen 
activator. Circulation 1995, 91:1341-1346. 

24. Angleton P, Chandler WL, Schmer G: Diurnal variation of tissue-type 
plasminogen activator and its rapid inhibitor (PAI-1). Circulation 1989, 
79:101-106. 

25. Englesbe MJ, Pelletier SJ, Magee JC, Gauger P, Schifftner T, Henderson WG, 
Khuri SF, Campbell DA: Seasonal variation in surgical outcomes as 
measured by the American College of Surgeons-National Surgical 
Quality Improvement Program (ACS-NISQIP). Ann Surg 2007, 246:456-465. 

26. Shuhaiber JH, Goldsmith K, Nashef SA: Impact of cardiothoracic resident 
turnover on mortality after cardiac surgery: A dynamic human factor. 
Ann Thorac Surg 2008, 86:123-131. 

27. Bakaeen FG, Huh J, Lemaire SA, Coselli JS, Sansgiry S, Atluri PV, Chu D: The 
July effect: Impact of the beginning of the academic cycle on cardiac 
surgical outcomes in a cohort of 70,616 patients. Ann Thor Surg 2009, 
88:70-75. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2261/1 1/63/prepub 



doi:l 0.1 1 86/1 471-2261-1 1 -63 

Cite this article as: Coumbe et al:. Variation of mortality after coronary 
artery bypass surgery in relation to hour, day and month of the 
procedure. BMC Cardiovascular Disorders 201 1 1 1:63. 



